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Introduction
Design has become an integral part of how engineering colleges prepare their students for professional practice. Prior work suggests that it is important to help students become "informed designers." This is the designer's mindset with a level of design expertise that falls between a novice designer and an expert designer (p.779) 1 . Strategies for facilitating this process have been previously reported in the literature with undergraduate students (e.g., Alien Centered design projects 2 ) , and with high school students 3 (e.g., with design challenges, or using a computeraided design (CAD) software developed by the Concord Consortium). While prior research suggests that first-year engineering students need to experience learnercentered, contextualized, fully interactive, multimedia learning environments 9 , very little is known about the informed design process undertaken by these students while using the interactive and learning focused CAD tool to solve design challenge. Thus, this research aims to integrate an easy-to-use CAD software in the freshman engineering class and inculcate a habit of using CAD software as thinking tools as well as resources for making design decisions in an informed way. The scope of this research will include understanding the design strategies that first year engineering students develop and their level of expertise with these strategies while using a particular CAD software as a resource for solving an engineering design challenge. Specifically, this study is guided by the following research question: How do first year engineering students change their design practices after engaging with a design task using a CAD software in a group setting?
CAD Software Learning
While the use of CAD software has been particularly favored for facilitating improvement in design process, we know very little about first year undergraduate engineering students' design behavior when they collaborate in teams and make decisions about design optimization using such CAD tools. The use of CAD software by designers and manufacturers goes back to the 1970s. CAD brought a revolutionary shift in the engineering industry and brought the designers and engineers closer together, generating a need for a workforce skilled in both engineering and designing practices. While the demand for such a skilled workforce remains high, there remains a dearth of such people in the industry. One of the primary reasons is due to the complexity of such CAD software and the steep learning curve that discourages many engineers from adopting CAD software in their daily processes. Also, CAD models are often viewed as finished products that have to be presented as opposed to a learning and design tool that can be changed and tested 4 . These issues offset the benefits of using CAD software, particularly the advantage of being able to simulate, test, and design ideas quickly and in a cost effective manner. Thus, there is a need to address this challenge early on in the engineering college level and help prepare a workforce of engineers that is comfortable working with CAD software and uses them as thinking tools while solving engineering challenges. It is imperative that college students have experience with using CAD tools for solving authentic design challenges and develop design thinking. Such tools can scaffold the design thinking process and help them accomplish a task that is beyond their current abilities 5 . A survey of CAD designers revealed that CAD tools support creative problem solving process by supporting "enhanced visualization and communication, circumscribed thinking, premature design fixation and bounded ideation" (p.136 ) 6 . However, the focus on developing such skills and the use of such tools in the classroom context is not widespread and often overlooked by educators 7 . Moreover, evidence of effective teaching and learning techniques promoting design thinking and problem solving using such CAD tools has been scarce 8 .
Collaborative Learning
The idea of collaborative learning "involves individuals as group members, but also involves phenomena like the negotiation and sharing of meaning that are accomplished interactively in group process" 10 . Research on collaborative learning in Engineering Education has associated students' use of collaborative learning strategies with student's self-efficacy for learning course material and course grade 11 , and have also shown higher academic performance of students in a cooperative learning condition, than those who work individually 12 . Collaborative learning has been also linked to "active learning, student-centered learning, problem-based learning, and project-based learning" 13 , relevant methods commonly used in Engineering Education. Thus, investigating the effects on student learning of the design informed practices, after performing a collaborative design task mediated by an easy-to-use CAD software in the freshman engineering class will contribute to the body of knowledge that studies the interplay between technology and learning in the context of design.
Informed Design Framework
As explained by Crismond and Adams, the process of informed design is a stage in the development of design thinking expertise that lies between the stage of a novice designer and an expert designer. The authors further go on to discuss how informed design teaching techniques engage the students in a way that enhances their own related skills and knowledge before coming up with new designs to solve the specifications of the problem's context. The learners can build upon their prior knowledge in order to reach a new solution, as opposed to a novice designer in which a solution is reached through trial and error. Trial and error problem solving does not guarantee conceptual closure 1 . The informed design approach requires a preexisting knowledge of the related math and science concepts that relate to the context of the design problem. This prior knowledge improves design performance and prompts inquiry learning 1 .
Crismond and Adams propose the Informed Design Teaching and Learning Matrix as a comparison between novice and informed designers 1 . We adopt the [matrix] as a framework to identify patterns in the student artifacts that can help us determine if informed design is being displayed. The Crismond and Adams framework identifies nine design strategies that designersboth beginners and informed -typically engage with and specify behaviors that are indicative of both novice and informed designers. These are (a) understand the design challenge (problem solving vs. problem framing), (b) build knowledge (skipping vs. doing research), (c) generate ideas (idea scarcity vs. idea fluency), (d) represent ideas (surface vs. deep drawing & modeling), (e) weigh options and make decisions (ignore vs. balance benefits and tradeoffs), (f) conduct experiments (confounded vs. valid tests and experiments), (g) troubleshoot (unfocused vs. diagnostic troubleshooting), (h) revise/iterate (haphazard or linear vs. managed and iterative designing), and (i) reflect on process (tacit vs. reflective design thinking) 1 . The Informed Design Teaching and Learning Matrix will help us characterize students' design practices and expertise level in the context of the teamwork using the CAD software 1 .
Method
We used a simple CAD software (ref. anonymized) that allowed students to design an energy efficient house iteratively. Students used this tool to digitally construct a house and simulate energy usage while working within a given set of constraints. The context of this study was a first year engineering design course in the first semester at a large Midwestern university. We assume every student had basic understanding of math concepts, computers, and energy. We also assume they were also sufficiently familiar with solving open-ended design problems that relate to real world engineering problems. The design challenge asked students to design a home based upon constraints such as cost, types of materials, dimensions, and position of the home relative to the sun. The problem specified a successful design as one that met the following criteria: (1) The total amount of energy that the building uses annually should be equal to or less than the total amount of renewable energy that it generates, (2) minimize total cost of the building (material cost), (3) should be easy to construct, (4) should have an attractive exterior or "curb appeal", and (5) comfortably fit a 4-person family. Students were required to record their design rationale in the form of reflections, first after working individually on their designs on the first day, and later, after creating a final solution as small teams. It is important to note that Reflection #1 was done after students worked individually on the tool, and Reflection #2 was done after the students worked with the tool as a team and completed the supplemental activities in the learning module. The sample size of the entire dataset consists of 140 students. The data analysis in this paper is a subset and focuses on artifacts from 10 randomly selected students. These students were randomly selected from the bigger dataset. Students started by learning how to use the software and explore the affordances of the software individually. They then applied the material taught in lecture regarding design cycles and weighted decision making towards their interaction with the CAD tool in small groups for solving the design challenge. They applied any new knowledge towards improving their designs and then presented their design in front of their peers during a class presentation. All students filled out instructor-prepared reflection questions that probed them to understand their thinking process. Reflection assignment was given to the students before and after group work with the software. This assignment consisted of the following questions -(a) Describe a specific task you worked on as part of the Individual Solution. These questions in the reflection assignment were used for data-analysis.
We compared reflection #1 and #2 and used an adapted version of Crismond and Adam's framework to analyze these two sets of reflections. This framework was developed by using Crismond and Adam's framework for top-down analysis of the data and simultaneously conducting bottom-up analysis using content analysis approach. A top-down analysis of the data essentially decomposes the original framework to identify commonalities that could lead to breaking the categories down into more specific subsets. A bottom-up analysis pieces together data to give rise to a more complex framework that includes subcategories into the original Crismond and Adams framework. Based on our content analysis, two new expertise levels have been added to the existing framework, the adapted version that is shown in Table 1 . The example quotes are taken from datasets that include reflection 1 and from reflection 2 in this study. 
Results and Discussion
We found that students engaged with four of the nine design strategies-understand the design challenge, build knowledge, weigh tradeoffs and benefits, and reflect on the design. Figure 1 shows that the 10 students used similar design strategies before and after group work using the CAD software. However, from the distribution of different types of expertise evidenced by the students within these four design strategies, then we begin to notice the shift that happened between reflection #1 and reflection #2. In reflection #1, there were 2 Beginning designers in 'Understand the design challenge' strategy and 7 Adept Beginning designers in this strategy. However, in reflection #2, we see that most of the students (7) were Informed designers with a few (3) Adept Informed designers as well. We thus see a shift from Beginning and Adept Beginning designers towards Informed and Adept Informed designers. Students gained expertise at understanding the design challenge after working in groups on the design challenge and engaged with problem framing while paying attention to the design constraints and design goal. Figures 2 and 3 summarize the distribution of expertise level across different design strategies before and after team work using the CAD software respectively.
Figure 1. Counts of Design Strategies
It is likely that the CAD tool helped students understand the various variables and their relationship to each other by allowing students to isolate these variables during iterative design. The tool also may have allowed students to quickly adapt and revise features of the design based upon simulation results or new information gained. This procedure would be much more time consuming if students worked with physical prototyping materials at this stage instead of a CAD model. The easy-to-use visual feedback (e.g., graphs and heat map) given by the tool may have helped students frame the problem better instead of jumping into problem-solving mode like Beginning designers typically do. With regard to the "Build knowledge" design strategy, we found evidence that in reflection #1 students displayed expertise levels across the entire spectrum-Beginning to Adept Informed. In reflection #2, we found the majority of students (7 of 10) to be acting as Informed designers and the remainder (3 of 10) in the Adept Informed designer category. This is a shift where students made progress from being beginners towards being informed designers. One possible explanation for such a shift could be that the software provided easy to use reference materials (e.g., tutorials) that students could access any time during the design process. Additionally, the tool allowed students to explore the design space freely by clearly laying out all the available design parameters. This coupled with peer-feedback during the teamwork likely lowered the standards for the students to perform research and build knowledge about the potential solutions. Students exchange ideas regarding what information would be needed for solving the challenge based on their research. tool likely helped determine which design decisions led towards the design of an energy efficient house. These features coupled with group discussions and peer-critique likely helped the students make informed and effective tradeoff decisions.
Finally, in the "Reflect on Progress" there was a distribution of Adept Beginner (2), Informed (6), and Adept Informed (2) in the initial reflection. In reflection #2, the responses shifted to only Informed (8) and Adept Informed (2). This shift from beginner to informed could be because of the nature of the assignment; it explicitly asked students to reflect on their designs. However, during the reflection, the feedback from the software (e.g., cost distribution, energy consumption for a day and across a year) highlighted the drawbacks of their existing design. This may have helped students to consider their prior design experiences and critically think about their design with a view to optimize it in the next iteration.
Conclusion
This preliminary analysis suggests that there may be a continuum of levels of expertise as related to informed design. Results also suggest that teamwork using the CAD tool helped individual students make progress from beginner designers towards Adept Informed designers across all four design strategies-understanding the challenge, build knowledge, weigh tradeoffs, and reflect/revise. The CAD software scaffolded this process and students successfully used this software as a thinking tool to engage productively with the engineering practices. The ability to quickly iterate on designs after testing can help students develop traits that lead to becoming better designers. We acknowledge that further analysis of student designs and student work during the design process in small groups is needed to conclusively make stronger claims. Future work will include observing a larger number of student designs as well as possibly observing student group activity throughout the design process. However, this initial analysis highlights the potential benefits of such a learning environment using the CAD tool in promoting informed design practices at the first year engineering education level.
